ABSTRACT: This experiment determined meat composition and palatability changes resulting from feeding Holstein (HOL) and crossbred beef (XB) steers diets containing corn silage (CS) or alfalfa haylage (AH) (forage type) and soybean meal (SM) or fish meal (FM) (protein source). Fiftynine steers (30 HOL and 29 XB) were randomly assigned to diet combinations for a 2 x 2 x 2 breed x forage x protein) factorial arrangement. Steers were fed to a fat-constant end point (fat depth over the longissimus muscle measured by ultrasound: 1.0 cm XB, .6 cm HOL). Proximate and fatty acid analysis and sensory evaluation were conducted on a rib eye roast and steaks, respectively, removed from the left side of each carcass at ribs 9 to 12. Proximate analysis of the longissimus muscle showed no significant difference (P > .05) in moisture, protein, or fat content due to breed, forage, or protein treatment. Forage type had no significant effect (P > .05) on amount of individual fatty acids found in longissimus muscle. However, total polyunsaturated fatty acids were higher (P > .05) for AH than for CS-fed animals. Longissimus muscle from steers fed FM had higher palmitoleic and lower stearic acid contents (both P < .05) than longissimus muscle from animals fed SM. Muscle from HOL had higher palmitoleic and lower stearic acid contents than that from XB steers (both P < .05). There was no significant interaction (P > .05) of breed with either diet treatment for individual fatty acid contents. Trained sensory panelists found no differences (P > ,051 in hardness, juiciness, number of chews, residual juiciness, or residual hardness due to breed, forage, or protein type. In the current study, HOL and XB steers fed to .6 cm and 1.0 cm of backfat depth, respectively, were similar in longissimus muscle composition and palatability.
Introduction
Considerable differences in carcass traits exist among cattle breeds (Wellington, 1971;  Ziegler et al., 1971) . Bertrand et al. (19831 of kidney fat, marbling scores, and quality grades compared with beef steers. Fox et al. (19791 reported that Holsteins fed high-concentrate diets for up to 300 d reached low Choice grade at approximately 500 kg live weight. Although Holsteins generally mature later than beef breeds, they tend to deposit marbling at a younger physiological age and have less subcutaneous fat (Garcia-de-Siles et al., 1977) . Efforts to improve productivity of cattle through breeding and(or1 nutrition can be complete only when the composition and palatability of the meat are considered. Americans have been advised to reduce consumption of saturated fat and total energy from fat in order to lower plasma cholesterol (NRC, 1989) . Beef fat is a significant source of saturated fatty acids in the diet. However, one of the principal saturated fatty acids in beef, stearic acid, has been shown not to raise plasma cholesterol as much as other saturated fatty acids (Bonanome and Grundy, 1988) . This varied effect of saturated fatty acids on plasma cholesterol makes it important to include fatty acid analysis in the evaluation of meat composition.
Most intramuscular fat (marbling) is consumed with the meat, and external fat is often discarded either before or after cooking. Thus, marbling differences among meat products have a direct effect on nutrient composition of meat as con sumed. Because marbling fat contains comparatively more saturated and less unsaturated fatty acids than other meat lipids (membrane phospholipids; Larick and Turner, 19891 , changes in the amount of marbling would be expected to result in changes in the proportion of saturated and unsaturated fatty acids in the meat.
The current experiment was designed to determine meat proximate composition, fatty acid profile, and palatability changes resulting from differences in breed or feeding practices.
Materials and Methods
Fifty-nine steers (30 Holstein and 29 Angus x Charolais x Simmental crossbred beefl were fed corn silage or alfalfa haylage (forage type) and soybean meal or fish meal (protein source) to a fatconstant end point (fat depth over the longissimus muscle measured by ultrasound: 1.0 cm crossbred, .6 cm Holstein). The details of feeding and management procedures were reported by Comerford et al. (1992) . The animals were slaughtered a t the Penn State University Meat Laboratory. A rib roast (9th through 11th ribs; Hankins and Howe, 1946) and two rib steaks (1.9 cm, 12th rib) were removed from the left side of each carcass after 48 h of chill at 4°C for composition and sensory evaluation respectively. All samples were vacuumpackaged and frozen a t -20°C until they were analyzed.
Composition. Rib roasts used for proximate and fatty acid composition were thawed for 72 h at 3°C. The longissimus muscle was separated from the rib roast. The external fat was removed from the surface of the muscle, exposing the epimysium. Longissimus muscles were ground twice through a 3.2-mm plate and mixed before removing a 200-g subsample for subsequent analysis. Moisture (oven drying), fat (ether extraction), and protein (Kjeldahl nitrogen) analyses were conducted using AOAC (1984) procedures.
Fatty Acid Analysis. Extraction of lipids for fatty acid analysis was completed using chloroform/ methanol (2:1, vol/vol) as described by Folch et al. (1957) . Fatty acid methyl esters (FAME) were prepared using the procedure of Christopherson and Glass (1969) . The FAME were separated and quantified using a gas chromatograph (Model 5890, Hewlett-Packard, Avondale, PA) equipped with a flame ionization detector and Model 3396A, Hewlett-Packard integrator.
A Supelcowax-10 30-m x .53-mm fused silica column (Supelco, Bellefonte, PA) was used. The carrier gas was helium at a flow rate of 5 mL/min and a split ratio of 1 : l O . The detector was supplied with dried air at 420 mL/min and hydrogen at 30 mL/min. The detector and injector were maintained at 27OoC, and the column was maintained at 240°C throughout the 25-min run. Peaks were identified based on their retention times. Standard retention times were determined using pure fatty acids (Supelco).
Sensory AnaZysis. Rib steaks (1.9 cm thick) for sensory analysis were allowed to thaw for 48 h at 3°C. Steaks were deboned and placed on preheated Farberware grilles (Open Hearth Grille, Farberware, Bronx, NYI and cooked 14 min on each side. The final internal temperature was measured using a stainless steel probe thermometer and was 70 f 4°C. Steaks were allowed to cool to room temperature. Surface fat, connective tissue, and the outer 1 cm of the steak were discarded. The rest of the steak was cut into 1-cm cubes for sensory analysis.
An eight-member panel who were familiar with texture profiling methods were trained to evaluate initial hardness, initial juiciness, juiciness after chewing (sustained juiciness), and residual resistance after chewing (resistance of bolus). The reference samples used to scale hardness were similar to those described by Munoz (1986) . Beef rib eye steaks of various USDA quality grades, cooked to end point temperatures of 65 and 80"C, were used to train panelists for juiciness and resistance of bolus. Panelists reported their responses on an unstructured 15-cm scale. In addition to these traits the panelists were asked to record the number of chews needed to prepare a sample for swallowing.
Shear Force Determination. Rib steaks for shear force measurement were prepared as those for sensory analysis. Six cores (1.27 cm diameter, parallel to muscle fibers) were removed from each steak. Each core was sheared twice (perpendicular to muscle fibers) using a Texturecorder (Food Technology, Rockville, MD) equipped with a single-blade shear head. Peak force to shear the sample was recorded and averaged for each steak.
StatisticaZ Analysis. Analysis of variance was performed using the GLM procedure (SAS, 1985) . Main effects were breed, forage, and protein. All two-way and three-way interactions were tested. Nonsignificant three-way interactions were included in the error term. When significant interaction effects were detected, mean separations were 'Values reported as percentage of wet tissue weight. Significant differences were not found (P > .05). Table 2 . Fatty acid profilea of longissimus muscle performed using Duncan's multiple range test (Li, 1969) .
Results and Discussion
Moisture, protein, and fat compositions of longissimus muscle were not affected by feeding treatments (Table 11 . Although the crossbred steers were fed to a slightly greater subcutaneous fat thickness (1 vs .6 cm1, the difference in fat content of the longissimus muscle was only marginal (5.9 vs 5.5%; P > .05) and marbling scores (data not presented) were not different. Thus, the breed and feeding treatments did not result in significant changes in macronutrient composition of the longissimus muscle.
Results from fatty acid analysis of longissimus muscle (Table 2) show that Holsteins had higher palmitoleic and linoleic and lower stearic acid contents than did crossbreds (all P c .051. Forage type did not have a significant effect on fatty acid composition. Feeding fishmeal resulted in a n increase in palmitoleic and a decrease in stearic acid contents (both P c .05). The differences in fatty acid profile for longissimus muscle due to breed and diet are numerically small but are noteworthy because these are fatty acids that influence plasma cholesterol in humans. This is more apparent when the results are pooled into saturated and unsaturated classes ( Table 3) . Longissimus muscle from Holsteins fed corn silage and fish meal or haylage and soybean meal had lower (P c .051 total saturated fatty acids than those from all crossbreds except those fed haylage and fishmeal. Considering that one of the saturated fatty acids, stearic, does not contribute to elevated plasma cholesterol in humans (Bonanome and Grundy, 19881, it is appropriate to consider total saturated fatty acids excluding stearic. Comparisons made on this basis ( Table 31 show that for the haylage-soybean meal diet, edible lean from Holsteins had a lower (P e .05) saturated fatty acid content than that from crossbreds. However, for all other dietary treatments, total saturated fatty acid content excluding stearic acid was not affected by breed.
Breed, forage, or protein treatments did not separately affect total monounsaturated fatty acids in the longissimus muscle. However, examination of the three-way interaction showed that the Holstein-corn silage-fish meal treatment resulted in a higher (P c .05) level of monounsaturates than that of the crossbreds fed either corn silage and fish meal or haylage and soybean meal (Table 31. Total polyunsaturated fatty acids in the longissimus muscle were higher (P = .015) for the haylage than for corn silage diets (Table 3) . There was also a significant breed x protein interaction for total polyunsaturates; the Holstein-soybean meal combination resulted in a value higher IP c ,051 than that of any of the other breed x protein combinations.
Initial longissimus muscle composition was determined using eight Holstein and eight crossbred dFor total polyunsaturated fat the interaction effect breed x protein and the main effect forage were significant (P < ,051 and are shown instead of the three-way interaction.
steers randomly selected for slaughter a t the initiation of the feeding trial. Effects of dietary treatments were pooled for comparison of muscle composition pre-and post-feeding (Table 4) . Changes in individual fatty acid contents of longissimus muscle during feeding followed the same pattern but differed in magnitude for Holsteins and crossbreds. Palmitic, palmitoleic, and oleic acids increased, whereas stearic, linoleic, and arachidonic acids decreased significantly during the feeding period. Total saturated fatty acids, excluding stearic, increased during feeding for Holsteins but decreased for crossbreds. Total monounsaturated fatty acids increased and total polyunsaturated fatty acids decreased significantly during the feeding period for both Holstein and crossbred steers ( Table 4) .
The fatty acid composition results reported here support the idea that it may be possible to modify the makeup of intramuscular beef fat through diet or breed type. However, it is essential to keep these results in perspective. For humans the proportion of calories consumed from saturated and polyunsaturated fats influences plasma cholesterol level (Keys et al., 1965) . The statistical relationship between dietary fat and plasma cholesterol described by Keys et al. (1965) is improved considerably when stearic acid is excluded from the saturated fat total (Kris-Etherton et al., 1991). Using the modified Keys et al. (1965) equation it can be seen that changes in fatty acid profile resulting from experimental treatments used in this study, though statistically significant, are not large enough to be of practical importance to reported. people who eat meat. For example, for a n individual consuming 113.5 g (raw weight) of lean beef per day the range of fatty acid contents in this study could give a t most .2 mg/dL change in plasma cholesterol. Sensory evaluation of rib eye steaks showed no significant (P > .05) differences due to forage or protein treatments (Table 5) . This finding agrees with that of Berry et al. (19881, who found that alfalfa silage gave slightly lower flavor intensity but similar overall palatability compared with corn silage. A tendency for an increased number of chews to prepare the sample for swallowing and less sustained juiciness of the bolus (after some chewing) for Holstein compared with crossbred steers was observed. Perry et al. (19911 found no difference in juiciness but reported that steaks from Holstein steers were less tender than those from beef breeds. These researchers (Perry et al., 1991) also noted that there was no difference in overall acceptability between Holstein and beef breeds. In the current study, a slightly greater cooking loss for steaks from Holsteins could contribute to reduced juiciness. Mechanical shear measurements showed that the crossbred-corn silage-fish meal treatment combination gave the highest values (P e .05) for both peak area and shear force (Table 6) . Separate diet and breed comparisons for shear force and peak area did not show significant differences. In summary, moisture, protein, and fat compositions of longissimus muscle were not greatly affected by breed (Holstein vs crossbred), forage (corn silage vs haylagel, or protein source (soybean meal vs fish meal). Total saturated fatty acids were not affected by feeding treatments. An elevated saturated fatty acid content for crossbreds vs Holsteins was at least partially due to stearic acid and, thus, does not represent a nutritional concern. Fatty acid content of longissimus muscle changed considerably during the study with an increase in monounsaturated and a decrease in polyunsaturated fatty acids. Dietary treatments did not affect on this change. Significant sensory differences were not found among treatments. 
Implications
The results of this study show that both Holstein and crossbred beef steers, fed corn silage or haylage and soybean meal or fish meal, produce meat with similar proximate composition and palatability. The fatty acid content of meat, which is increasingly important to consumers, is somewhat influenced by breed but may be modified only slightly by diet. The magnitude of fatty acid content differences observed in this study was of little nutritional significance to people who eat meat.
